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10meV-100MeV	DM	Detector	Requirements:
1)	Sensitivity	to	small	energy	recoils
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Experiment	1:	Superfluid	He
• Superfluid	He:	Many	Long	Lived	
Excitations
– D.	McKinsey,	S.	Hertel,	HERON	(G.	Seidel,	H.	

Maris,	…),	K.	Zurek,	T.	Lin
– Photons	&	Triplet	Excimers:	~	18	eV
– Phonons	&	Rotons:		1	meV
– x10	gain	due	to	adsorption	on	bare	surface

pf ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2mXðEi − ωÞ

p
. We thus obtain for the differential

rate, from Eq. (12),

dΓ
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≃ 7

120π2
σp½fpZ þ fnðA − ZÞ&2c4sm

3=2
He

piω7=2 aðEi;ωÞ; ð13Þ
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aðEi;ωÞmϕ≫q ¼
32
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m2

X

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
EiðEi − ωÞ

p
ð4Ei − ωÞð4Ei − 3ωÞ;

aðEi;ωÞmϕ≪q ¼ 4q4ref
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
EiðEi − ωÞ

p
: ð14Þ

Detection rates and sensitivity forecasts.—The scattering
rate for individual DM particles producing back-to-back
excitations can now be converted to a DM detection rate R
per target mass via

ω
dR
dω

¼
Z

dvXfMBðvXÞω
dΓ
dω

ρX
ρ0mX

; ð15Þ

where ρX is the local DM density 0.3 GeV=cm3, ρ0 is the
density of liquid helium, and fMB is the Maxwell-
Boltzmann distribution of DM in the Milky Way halo,

fMBðvXÞ ¼
4πv2Xe

−v2X=v
2
0Θðvesc − vXÞ

½erfðzÞ − 2ze−z
2
=

ffiffiffi
π

p
&π3=2v30

; ð16Þ

with z ¼ vesc=v0 and where Θ denotes the Heaviside step
function. Here we take the root-mean-square velocity v0 to
be 220 km=s and the escape velocity vesc to be 500 km=s
[44]. For both massive and light mediators, the rate is
peaked at low ω.
Integrating over deposited energies, in Fig. 2 we show

the expected sensitivity of a 1 kg yr exposure of superfluid
helium to a two-excitation process, assuming a minimum

energy sensitivity of 1 meV, and a dynamic range of the
sensor up to 10 meV. We compute the rate utilizing the
analytic formula, Eq. (11) (dashed), as well as tabulated
from Ref. [40] (solid). The two are in good agreement,
except at masses approaching an MeV, where the tabulated
Sðq;ωÞ also includes a contribution from single phonon
emission. We also show the expected constraints from
ordinary nuclear recoils in the fluid with the same energy
resolution. When showing our results, we constrain σp in
the case where fp ¼ fn. The solar neutrino background is
small on helium (see Fig. 3 of Ref. [24]), so that the
95% confidence level from a one-sided Poisson distribution
corresponds to 3 events. Other sources of noise can be
controlled by the requirement that there be two back-to-
back excitations in the final state, though we note that this
will be less effective at higher DM masses. As can be seen
from the plot, two-excitation processes and nuclear recoils
provide highly complementary modes of DM detection,
with sensitivity in distinct regions of parameter space. With
1 meV energy resolution TESs, we can therefore employ a
single multimodal liquid helium experiment to constrain
dark matter masses over 5 orders of magnitude.
We also show scattering cross sections corresponding to

fixed αX, αp for a given mediator mass. These fixed
couplings are chosen to broadly satisfy terrestrial, cosmo-
logical and astrophysical constraints. The constraints
applied are described in general terms for DM-electron
interactions in Ref. [23], and are outlined in great detail in
Ref. [24]. Existing constraints on DM-nucleon interactions
are similar for models of interest here (or in some cases
weaker, for instance constraints from big bang nucleosyn-
thesis are weaker in models with DM coupling only to
nucleons), so we simply make use of these parameters to
emphasize that dark matter models satisfying all terrestrial,
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FIG. 2. 95% confidence level sensitivity expected with a 1 kg-year exposure of superfluid helium. We show both two-excitation
processes in the superfluid (labeled 2X) as well as ordinary nuclear recoils (labeled NR), with 1 meVenergy resolution in the detectors.
The results are computed analytically via the formula Eq. (11) (dashed), as well as tabulated from Ref. [40] (solid); we have stopped
these curves once the scattering begins to probe kinematic regions beyond that tabulated in Ref. [40]. Also shown are benchmarks based
on couplings that are consistent with current limits. For the massive mediator, we assume αX ¼ 10−5 for all three curves, while for the
light mediator we set αX ¼ 10−19.
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Experiment	2:	Scintillating	Crystals	(GaAs)
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FIG. 2. DM-electron-scattering-cross-section (�e) reach vs. DM mass (m�) for FDM (q) = 1 (top) and FDM (q) = 1/q2 (bottom),
assuming an exposure of 1 kg for 1 year and a radiative e�ciency of 1. Left: Solid (dashed) lines show 3.6 events for a threshold
of one (two) photons, corresponding to the 95% c.l. reach for zero background events in CsI (purple), NaI (green), and GaAs
(red). Bands around solid lines show the numerical uncertainty. Solid (dashed) lines for Ge (blue) and Si (gold) are the
one(two)-electron threshold lines from [2]. Right: Solid (dashed) lines show 5�-discovery reach using annual modulation for a
threshold of one (two) photons, assuming zero backgrounds. The gray region is excluded by XENON10 [5].

a high radiative e�ciency) one or more photons. We
show two thresholds: “1�” requires E

e

� E
g

, while “2�”
requires E

e

� E
g

+ hEi, where hEi is the mean energy
needed for the recoiling electron to form another electron-
hole pair. A phenomenological approach gives hEi ⇠
2.9 eV (3.6 eV, 4.2 eV) for Ge (Si, GaAs) [2, 73, 74].
Precise values for CsI and NaI are unavailable, so we
show hEi = 3E

g

[74]. More theoretical work and an
experimental calibration can better quantify the num-
ber of photons produced by low-energy electron recoils.
The mass threshold is di↵erent for the 1� and 2� lines.
However, the low-gap materials have a similar high-mass
reach for either threshold, since E

e

is typically several eV
and more likely to produce two rather than one photon.
Resolving two photons in coincidence can help reduce
backgrounds.

The annual modulation of the signal rate can be used
as a discriminant from background [30]. Fig. 2 (right)
shows 5� discovery lines for which �S/

p
S
tot

+B = 5
with B = 0. Here �S is the modulation amplitude

and S
tot

(B) is the total number of signal (background)
events. The sensitivity weakens / p

B, assuming B is
constant in time.

To summarize, we described a novel search for sub-GeV
DM, using scintillators. Scintillators provide a comple-
mentary path with potential advantages over other ap-
proaches searching for a low ionization signal: the detec-
tion of photons may be technologically easier with fewer
dark counts.
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conversations. We thank Philip Allen, Jeremy Mar-
don, and Matthew Pyle for comments on a draft of
this manuscript. We have benefited from many useful

• Use	a	low	bandgap	scintillating	
crystal	(GaAs,	NaI)	and	couple	to	a	
single	photon	sensitive	large	area	
detector	with	no	dark	count	rate

• Penalty:		Scintillation	Production	
Efficiency

• Advantages:	surface	vs	volume

Derenzo et	al:	1607.01009

G.	Bizarri,	E.		Bourret-
Courchesne,	S.	Derenzo,	R.	
Essig,	MP,	T.	Yu



Science	Requirement	Summary:	
Photon/Roton Detector	Sensitivity

Sensitivity
0𝜈DBD 50	eV
He Scintillation 14	eV
GaAs	
Scintillation

1.5 eV

Xe subgap
Optical

1.0	eV

He Roton 20	meV

5



LZ

E

J
H
E
P
1
2
(
2
0
1
1
)
1
1
5

number of detected photoelectrons
10 210 310

-1
ph

e
-1

kg
-1

di
ff

er
en

tia
l r

at
e,

 y
r

-510

-410

-310

-210

-110

1

10

210

310

410

510

610

710

810

SE Background

ER Background

ER Background/1000

Reactor

ISIS

Solar 

Figure 8. Ionisation spectra expected from coherent neutrino scattering in ZEPLIN-III exposed
to different neutrino sources. Single electron and electron recoil backgrounds are also shown. The
peak structure reflects discrete numbers of ionisation electrons measured by electroluminescence.

3.4 Predicted observable spectra

In figure 8 we present photoelectron spectra predicted for neutrino interactions and for the

two dominant backgrounds, as would be observed in ZEPLIN-III. Individual peaks repre-

sent ionisation electrons detected by electroluminescence; we assume a yield of 30 photo-

electrons per electron and Poisson variance.

As the figure suggests, the neutrino signal must be searched above !3 electrons due

to the single electron background — although this will be improved with multiple-cluster

resolution in x, y using advanced position algorithms. The electron recoil background

becomes significant above that threshold, but the reactor signal is clearly salient near

100 phe. Unfortunately, its spectrum does not extend to 1,500 photoelectrons in the S2

channel (50 electrons), which would be required for a detectable S1 pulse from an electron

recoil thus enabling discrimination by S2/S1 ratio.

For a reactor experiment, the number of events expected in a 10 kg·yr dataset above

a 75 phe threshold is of order 3,000 (1,000 above 90 phe). The electroninc background

is ∼200 events over the relevant range. These values are sensitive to the shape of the

antineutrino reactor spectrum and the ionisation yield for low energy recoils. The number

– 14 –

e- (S2)	Background	Rate	in	Zeplin III		

R1e- =	5.7	Hz

1110.3056

Light	Mass	DM	Detector	Requirements:
2)	No	Dark	Counts

• PMTs	
• TPCs
• CCDs

No E-Fields:



Science	Requirement	Summary:	
Photon/Roton Detector	Sensitivity

Sensitivity Dark	Counts
0𝜈DBD 50	eV Yes
He Scintillation 14	eV None
GaAs	
Scintillation

1.5 eV None

Xe subgap
Optical

1.0	eV None

He Roton 20	meV None
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Experiment	3:		Xe S1	Only
Xe
• High	A:	Coherent	Rate	

Enhancement
• High	Z	and	Radiopure =	Active	

Compton	Shield
• Liquid	which	is	easily	distillable	

underground:	No	3H,	32Si
No	E-Field:		

No	Dark	Counts?
Afterglow?

Mn

MDM

Can	a	30kg	Xe S1	only	experiment	that	only	looks	for	
events	with	1-14eV	photon	energy	hit	the	neutrino	

floor	from	100	MeV-6	GeV?



Single	Photon	/	2	Roton
Detector	with	no	dark	count	

rate
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Low	Temperature	TES	Calorimeter	
Technology
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C

ΔV
~100	nV

• Transition	Edge	Sensor	(TES):
A	superconducting	metal	film	(W)
that	is	externally	biased	so	as	to	be	
within	its	superconducting/normal	
transition

• “Near	Equilibrium	Sensor”:		No	
Dark	Count	Rate



�2
<E> =

X

i

(Ei� < E >)2
e��Ei

P
j e

��Ej

=

P
i E

2
i e

��Ei

P
j e

��Ej
� < E >2

= �@ < E >

@�
=

@ < E >

@T
kbT

2 = CkbT
2

Calorimeter	Sensitivity

11

C

G

Bath
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Calorimeter	Optimization
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View of the BF LD insert and dilution unit 
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<E> = CkbT
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• Minimize	T
• Dilution	Refrigerators	can	
cool	detectors	to	5mK

• Minimize	C
• Small	Volume
• Low	T
• Insulators

Freeze	out}



Shouldn’t	this	be	a	solved	problem?	

Tc (mK)
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< pt
 [e
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104 Estimated Energy Resolution for Ideal Calorimeters
CRESST Si/SOS Light
CRESST 300g CaWO4
CRESST 262g Al2O3
Lucifer 330g ZnMoO4
Edelweiss 400g Ge
50g Si CNS (proposed)

• Calorimeter	scaling	laws	have	been	
known	for	20	years	… Massive	low	
temperature	calorimeters	haven’t	met	
expectations	for	20	years

• CRESST:	30mm	x	30mm	Si	wafer:	σ =	8.5	eV	
0809.1829
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Resolution	are	
the	stars

18.08.2006 TES III  Workshop

Phonon detector
   300g CaWO4

Ø=40mm, h=40mm

Light detector
   Si

(30x30x0.4)mm3

 W thermometer

CRESST II prototyping phase
detector module



Culprit:	Decoupling	between	the	Sensor	and	
Absorber	at	Low	Temperature

As	T	is	decreased,	it’s	harder	
and	harder	to	keep	the	sensor:
1. the	sensor	thermally	

coupled	to	the	absorber
2. The	absorber	and	sensor	

decoupled	from	the	bath

Ct

Ca

Bath

Gtb

Gab

Gta

Absorber

TES

δPa

_
+

RL

Vb

L

Rt

δPt Q
It

Kapitza boundary	conductance	
in	the	mechanical	support	scale	
as	as	T3

e-/phonon		thermal	
conductance	scales	as	T4
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Solution:	Athermal Phonon	Sensors

Collect	and	concentrate	
athermal phonon	energy	into	
TES	via	Al	QP	collection	fins,	
completely	bypassing	the	Gep
bottleneck
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The	Ultimate	Cryogenic	Photon	
and	Roton Detector:		thin	/	

pixelized SuperCDMS Detector	

STEAL	FROM	
SUPERCDMS!

16



What	happens	when	we	shrink

• Pulse	fall	time	varies	inversely	
with	thickness!

• Phonon	energy	signal	bandwidth	
limited	by	athermal phonon	
collection

• Energy	Resolution	scales	as	
volume-1/2:	
• 33mm	->	1mm
• 5 eV	(Si	HV	Goal)	->		1 eV

• Lower	Tc	50mK	->10mK:	20	meV

17



Lowering	Tc:	Phonon	Signal	Bandwidth

Phonon	energy	signal	bandwidth	
limited	by	athermal phonon	
collection	

⌫signal = 210 hz

18



Lowering	Tc:	TES	Dynamics
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Lowering	Tc:	TES	Noise

C
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Bath

SpG =	4kbT2G
⌫
sensor

DC	noise	scales	with	G
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Lowering	Tc:	Bandwidth	Optimization	Rule
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G / T 4
c

Sp tfn = 4kbT
2
c G

/ T 6
c

�E / T 3
c

• Lower	𝑣sensor (lower	Tc)	if	𝑣
signal <	𝑣sensor

• Lower	𝑣signal (decrease	Al	
coverage)	if	𝑣signal >	𝑣sensor

You	can	always	say	on	Tc3	scaling	(in	principle)
45mK->	10mK:		2eV	->	20meV



What	happens	when	we	pixelize for	
rotons?

• Naively,		TES	Noise	sums	in	quadrature	(Big	Assumption!)
• 20	meV ->	1.5	meV

22

R	=	38.1	mm
A	=	4600	mm2

Apixel =	25mm^2
Npixel =	184



First	Prototype	Design
Optimized	
Phonon	
Collection	Fin	
Design

23

• Cold	with	55Fe	Source
• In	transition:	Tc=	41mK,	TMC=40mK



THE	PROBLEMS	
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Problem	#1:	Vibrational	Parasitic	Power

Vibrations	from	the	
cryocooler produce	high	
frequency	phonons	within	
our	detectors	which	look	like	
real	events.	

Baseline	Noise	PSD	(T5Z2D)SuperCDMS Soudan	Noise	Spectrum



SuperCDMS Vibration	R&D:		

• A	200	Hz	Vibration	Signal	
Gives	rise	to	a	primarily	400	
Hz	Phonon	Pulse	Signal

• Phonon	Signal	scales	as	
Vibration2 =>	Vibrations	
coupling	by	friction!

• Studies	mostly	complete.	
Cryostat	design	work	ongoing



Problem	#2:		IR	Parasitic	Power	

300K
50K

4K
800mK

10mK

Blackbody	Radiation	Can	Heat	
the	TES	until	it’s	always	normal
• SuperCDMS HV	Studies	show	
this	is	a	subdominant	term

• IR	shielding	is	important	in	
detector	housing	design



Problem	#3:	RF
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Cell	phone	pickup
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~1.2ms

Digital	Telegraph	Noise

Width	of	RF	heat	
pulse	depends	on	
trace	length	readout

Significant	Improvement	solved	with	improved	filtering	at	the	cryostat	feedthrough

Pbias =	Pcool-Pparasitic



Problem	#4?

?



DM	Searches	with	
GaAs(Si)

30

Gregory		Bizarri,	Edith	Bourret,	Stephen	Derenzo,	Rouven
Essig,	and	MP



Why	use	a	Scintillator?

31

No	E-field	=	No	Dark	Current



GaAs(Si)	Scintillation	Spectrum
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GaAs(Si)	Brightness
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FIG. 2. DM-electron-scattering-cross-section (�e) reach vs. DM mass (m�) for FDM (q) = 1 (top) and FDM (q) = 1/q2 (bottom),
assuming an exposure of 1 kg for 1 year and a radiative e�ciency of 1. Left: Solid (dashed) lines show 3.6 events for a threshold
of one (two) photons, corresponding to the 95% c.l. reach for zero background events in CsI (purple), NaI (green), and GaAs
(red). Bands around solid lines show the numerical uncertainty. Solid (dashed) lines for Ge (blue) and Si (gold) are the
one(two)-electron threshold lines from [2]. Right: Solid (dashed) lines show 5�-discovery reach using annual modulation for a
threshold of one (two) photons, assuming zero backgrounds. The gray region is excluded by XENON10 [5].

a high radiative e�ciency) one or more photons. We
show two thresholds: “1�” requires E

e

� E
g

, while “2�”
requires E

e

� E
g

+ hEi, where hEi is the mean energy
needed for the recoiling electron to form another electron-
hole pair. A phenomenological approach gives hEi ⇠
2.9 eV (3.6 eV, 4.2 eV) for Ge (Si, GaAs) [2, 73, 74].
Precise values for CsI and NaI are unavailable, so we
show hEi = 3E

g

[74]. More theoretical work and an
experimental calibration can better quantify the num-
ber of photons produced by low-energy electron recoils.
The mass threshold is di↵erent for the 1� and 2� lines.
However, the low-gap materials have a similar high-mass
reach for either threshold, since E

e

is typically several eV
and more likely to produce two rather than one photon.
Resolving two photons in coincidence can help reduce
backgrounds.

The annual modulation of the signal rate can be used
as a discriminant from background [30]. Fig. 2 (right)
shows 5� discovery lines for which �S/

p
S
tot

+B = 5
with B = 0. Here �S is the modulation amplitude

and S
tot

(B) is the total number of signal (background)
events. The sensitivity weakens / p

B, assuming B is
constant in time.

To summarize, we described a novel search for sub-GeV
DM, using scintillators. Scintillators provide a comple-
mentary path with potential advantages over other ap-
proaches searching for a low ionization signal: the detec-
tion of photons may be technologically easier with fewer
dark counts.
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• Pretty	Bright	…	potentially	
even	better?

• 60%	QE	reported	in	
GaAs(Si):	7.5eV/𝛾
Cusano,	Solid	State	Communications,	
2:353-358,	1964	

Sensitivity	Curves	assume	100%	QE



No	Evidence	of	Afterglow	in	GaAs(Si)
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GaAs:	Direct	Gap
nSi =	6x1017 1/cm3	is	above	the	Mott	transition.	
• Lot’s	of	overlap	between	between	D	and	A	states	
…	fast	decay!

• Scintillator	self	absorption?	R&D:	decrease	nSi



GaAs:	Rough	Cost	Estimates
• R&D	to	1eV	threshold:
– 2	x	2	FTE	Postdoc
– ½	FTE	RF	Engineer
– 2	FTE	Gradstudent
– 100k

• Crystal	R&D
– 2	x	½	FTE	Postdoc
– 100k

• Project
– Just	another	tower	in	SuperCDMS SNOLAB
– ~600k

35



Summary
• Light	Mass	Dark	Matter	Detector:	
– Energy	Sensitivity
– No	Dark	Counts

• Photon/Roton Detector	based	on	athermal
phonon	calorimeters
– Intrinsic	energy	resolution	scales	as	Tc3
– Challenges:		Isolating	from	environmental	noise
– Phased	Development	Program	with	interesting	
science	at	every	stage

• GaAs(Si):	1MeV	<	MDM <	300	MeV
• Superfluid	He:			10meV	<	MDM	<	300MeV
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Resolution	Limits:	Parasitic	Power

Our first- and second-generation TESs were designed to
achieve NEPs suitable for ground-based astronomy and were
fabricated using MoCu bilayers on 500-nm-thick SiNx mem-
branes with Tc of around 370 and 200 mK, respectively. We
tested many different devices having legs tens of microns
wide and hundreds of microns long. We found that the
thermal conductance to the bath varied approximately as
Gb ’ j0 (Atot/L) Tc

n!1 across a wide range of geometries and
critical temperatures, where Atot and L are the total cross sec-
tional area and length of the nitride support legs respectively,
n ’ 3 and j0 ’ 3" 10!3 W/m/Kn. The total area is given by

Atot¼
PI

i¼1

diwi, where di and wi are the thickness and width,

respectively, of the individual bridges forming the conduct-
ance, and I is the number of bridges. In the work described
in this paper I¼ 4.

The problem of extrapolating a design developed for
ground-based telescopes to that needed for space missions,
which must operate with a lower Tc and with a reduction in
Gb of three orders of magnitude, is nontrivial. For example,
typical thermal phonon wavelengths become greater than the
thickness of the nitride legs at temperatures of T3D!2D .
hct/pkbd where ct is the transverse sound velocity. Below this
temperature we expect a transition from bulk three-
dimensional (3D) transport to two-dimensional (2D) trans-
port and an associated reduction in n.13,14 As the temperature
is reduced further, the typical wavelengths become compara-
ble with the width of the legs, and the transport becomes
one-dimensional (1D), which is associated with a further
reduction in n. The precise value of n depends on the nature
of the phonon scattering mechanism. With ct¼ 6.2" 103

m/s, we find T3D! 2D ’ 470 mK for d¼ 200 nm and T2D! 1D

’ 100 mK for w¼ 1 lm, although we would not expect the
transitions to be sharply defined because the temperature de-
pendence of the Bose–Einstein distribution that describes the
phonon occupancies will tend to smear out the changes. We
would, however, expect the 200-nm-thick bridges described in
this paper to be operating in the 2D–1D regime, rather than the
3D–2D regime characteristic of our previous work.

In our early work on ground-based detectors we studied
the spectral density of the current noise, in(f). The measure-
ments showed significant current noise above that arising
from the experimental limiting sources.15 Concurrently with
that work we measured the heat capacity of our thin-film
SiNx (Ref. 16) and found, in agreement with the measure-
ments of others on bulk amorphous dielectrics,17 a specific
heat that was much greater than that expected on the basis of
a simple Debye model. The measured heat capacity shows
an almost linear dependence on temperature, which is usu-
ally attributed to Two Level Systems. With this in mind we
were able to create an extended thermal model that gave a
convincing account of the measured noise in two distinct
geometries at two operating temperatures. A clear conclusion
was that the excess noise was associated with the random
flow of thermal energy between the bilayer and parasitic heat
capacities—particularly those of the SiNx and the SiO2 layer
used to passivate the Cu of the bilayer. In the TESs reported
here, unnecessary dielectric was removed so that the com-

pleted devices had minimal heat capacity. We also omitted
the thin-film resistive absorbers and associated SiNx support
structures needed to make complete FIR detectors in order
that we could investigate the intrinsic physics of the TES.
We continue to use lateral and longitudinal normal-metal
bars on the bilayer to increase its internal thermal conduc-
tion. The lower operating temperature, Tc ’ 120 mK, was
achieved by increasing the thickness of the Cu in the bilayer.

In this work we report a study of the thermal properties of
a large number of MoCu TESs fabricated on ultrathin, 200
nm, free-standing SiNx membranes. In Sec. II, we briefly
describe the measurement system and the physical parameters
of the fabricated devices. In Sec. III, we review the thermal
measurements, giving details of the transition temperatures,
thermal conductance, saturation powers, and normal-state re-
sistance Rn. The dependence of Gb on the dimensions of the
support legs was studied and compared with simple models.
A total of 53 devices, having leg widths and lengths in the
ranges 1–4 lm and 160–960 lm, respectively, on four differ-
ent chips, each with 16 TESs, cut out from two different
wafers were characterized. To assess pixel-to-pixel uniformity,
the variation in Gb across 15 nominally identical TESs was
also investigated. Section IV presents the linearized electro-
thermal model that was used to predict dynamic behavior.
Section V describes how the electrothermal parameters, aI and
bI, and the heat capacity of the bilayers were extracted from
impedance measurements. The measured rise times and noise
spectra of a subset of the TESs are presented. These are com-
pared to the modeling, and the dark NEP is calculated. Finally,
Sec. VI summarizes the work and comments on the outlook.

II. SAMPLES AND MEASUREMENTS

The TESs studied in this paper consisted of a supercon-
ducting MoCu bilayer formed on a 200-nm-thick SiNx island
isolated from the heat bath by four long and narrow legs.
Figure 1 shows a photograph of one of the MoCu TESs
measured in this study. The device is slightly curved because
of residual stress in the SiO2 passivation layer. Similar devi-
ces with MoAu bilayers on 200 nm SiNx without the

FIG. 1. A single Mo/Cu TES with longitudinal and partial lateral Cu bars
across the bilayer. The SiNx island has an area 110" 110 lm2 and is 200 nm
thick. The supporting legs are 4 lm wide.
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SuperCDMS
(modeled)

SAFARI
(measured)

Tc 30	mK 111	mK

G 12800 fW/K 170	fW/K

Pbias 76	fW 8.9	fW

SNEP 6x10-19	W/rthz 4.2x10-19	
W/rthz

JAP	109,	084507	(2011)SAFARI	has	created	devices	
with	x75	smaller	G	&	x9	
smaller	Pbias than	we	

require

We’re	far	from	the	
fundamental	limits	on	

phonon	resolution	due	to	
parasitic	power
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